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Introduction 


Many  studies  have  been  reeently  eonducted  that  show  a  positive  eorrelation  between 
stress  and  salivary  alpha  amylase  (sAA)  levels.  However,  these  studies  have  foeused  primarily 
on  an  individual  during,  or  immediately  after  a  period  of  psyehosoeial  stress,  and  have  not 
foeused  on  an  individual’s  ability  to  reeover  from  stress.  The  purpose  of  the  proposed  study  is  to 
use  salivary  alpha  amylase  measurements  to  determine  one’s  ability  to  recover  from  stress  by 
measuring  a  Soldier  in  as  relaxed  a  state  as  possible  before  and  after  an  exposure  to  stress,  and 
then  compare  the  alpha  amylase  levels.  We  hypothesize  that  Soldiers  who  have  been  trained 
using  Comprehensive  Soldier  Fitness  (CSF)  methods  will,  on  average,  show  levels  of  sAA,  that 
after  exposure  to  a  stressful  event,  will  more  closely  correspond  with  their  baseline  test  when 
compared  to  those  who  did  not  receive  the  training.  If  this  is  the  case,  it  would  mean  that  sAA 
would  be  a  viable  biobehavioral  marker  that  could  be  used  to  measure  a  Soldier’s  ability  to 
bounce  back  from  a  stressful  experience  such  as  a  deployment. 

Throughout  a  human  being’s  lifetime,  he  or  she  is  exposed  to  countless  stressful  and 
uncomfortable  situations  and  forced  to  deal  with  them.  Some  people  respond  to  these  stressors 
in  positive  ways,  by  growing  and  excelling,  while  others  seek  comfort  in  activities  that  only  hurt 
them  more.  Most  people  fall  somewhere  in  the  middle  in  terms  of  their  reaction  to  stress, 
between  these  two  extremes.  Several  possible  explanations  exist  for  the  differences  in  responses 
to  stress,  including  differing  approaches  towards  adapting  to  stress,  differing  levels  of  resilience, 
length  of  time  the  stressor  is  present  and  a  number  of  other  factors.  In  order  to  understand  the 
way  that  these  factors  affect  different  individuals’  stress  responses,  one  must  first  have  a  firm 
grasp  of  not  only  stress  but  also  of  some  other  concepts  closely  related  to  it. 
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General  Adaptation  Syndrome 


All  living  things  survive  by  maintaining  a  state  of  “dynamic  and  harmonious 
equilibrium”,  know  as  homeostasis,  in  their  environment.  Stress  can  be  best  defined  as  the 
forces  that  constantly  challenge  this  state  of  equilibrium  (Chrousos  &  Gold,  1992).  Stress  forces 
living  things  to  constantly  adapt  in  order  to  maintain  homeostasis  through  a  series  of  actions 
known  as  “adaptational  responses”  (Chrousos  &  Gold  1992).  These  adaptation  responses  are 
generally  categorized  by  using  a  classification  system  known  as  the  general  adaptation  syndrome 
(GAS)  (Citizens  Centre  Report,  2003).  This  system,  developed  by  Canadian  endocrinologist 
Hans  Selye,  classifies  reactions  to  stressors  into  one  of  three  categories;  alarm,  resistance  and 
exhaustion  (Selye,  1950). 

When  an  individual  or  an  animal  is  exposed  to  a  stressor,  the  initial  reaction  is  the  alarm 
phase,  also  commonly  referred  to  as  the  “fight  or  flight”  stage,  during  which  physiological 
changes  ready  the  person  to  either  flee  or  fight.  If  the  stressor  is  prolonged  and  persists  over  a 
longer  period  of  time  than  expected,  the  second  stage  of  the  GAS,  resistance,  begins.  In  this 
stage,  the  individual’s  body  works  to  counteract  the  stressor.  However,  this  places  the  individual 
at  risk  from  other  homeostatic  interruptions,  or  other  stressors.  If  the  stressor  is  maintained  for 
some  unspecified  length  of  time  the  third  phase  of  the  GAS  comes  into  play,  exhaustion.  It  is  not 
a  definite  fact,  but  many  believe  that  this  stage  begins  when  one’s  adaptation  resources  are 
depleted  and  one  has  no  more  energy  to  work  to  maintain  the  homeostasis  that  the  stressors  are 
trying  to  interrupt  (McCarty  &  Pacek,  2000). 

The  alarm  stage  is  when  many  of  the  most  noticeable  physiological  changes  occur  in  the  body 
as  a  result  of  stress.  The  alarm  stage  is  broken  down  into  two  phases,  shock  and  counter  shock 
(McCarty  &  Pacek,  2000).  A  stressful  event  that  causes  one  to  enter  the  alarm  stage  activates 
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neural,  neuroendocrine  and  neuroendocrine-immune  mechanisms  (McEwen,  2006).  These 
activations  make  up  the  shock  phase  of  this  stage,  and  they  are  counteracted,  in  part  by  the 
counter  shock  phase,  which  activates  the  adrenal  cortex,  releases  corticosteroids  and  epinephrine, 
and  activates  the  adrenal  medulla  (McCarty  &  Pacek,  2000).  This  combination  of  chemical 
releases  comprises  the  alarm  stage  of  the  general  adaptation  syndrome,  and  once  these  processes 
are  complete,  the  individual  is  as  physiologically  prepared  as  they  can  get  to  deal  with  a  stressor 
(Chrousos  &  Gold,  1992). 

As  previously  stated,  if  a  stressor  is  prolonged  over  a  period  of  time,  the  individual  being 
subjected  to  the  stress  will  more  than  likely  move  into  the  resistance  stage.  During  this  stage, 
more  physiological  changes  occur;  however  this  time  the  body  is  readying  itself  for  more  of  a 
prolonged  engagement  than  in  the  alarm  stage.  The  adrenal  cortex  plays  a  key  role  by  balancing 
the  release  of  syntoxic  and  catatoxic  steroid  hormones.  The  syntoxic  hormones  work  to  inhibit 
inflammatory  responses  in  tissues  throughout  the  body,  while  the  catatoxic  hormones  attack 
pathogens  by  promoting  inflammation  in  them  and  thus  making  them  vulnerable  (McCarty  & 
Pacek,  2000).  In  this  period,  an  individual  being  inundated  with  stressors  has  made  the 
physiological  changes  that  allow  them  to  deal  with  the  stressors  and  maintain  homeostasis  for  a 
prolonged  period  of  time. 

However,  at  a  certain  point,  when  one’s  resources  needed  to  fight  to  maintain  homeostasis 
have  been  depleted,  the  third  stage  of  exhaustion  sets  in.  In  the  first  two  stages,  no  matter  how 
dire  the  situation  may  seem,  a  person  generally  has  the  resources  to  struggle  against  the  stress 
that  is  causing  them  issues.  However,  when  the  level  of  exhaustion  has  been  reached,  they 
simply  have  no  more  resources  to  struggle  with  left  (Friedman  &  Silver,  2007).  Friedman 
elaborated  on  the  state  of  exhaustion,  commenting  that  it  has  some  commonality  with  depression. 
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a  condition  in  which  a  person  has  given  up  struggling  to  move  forward.  Whether  a  person  has 
run  out  of  resourees  to  move  forward  or  has  simply  given  up  the  goal  of  moving  forward,  the  end 
state  ends  up  very  similar  in  both  oases.  When  a  person  enters  this  level  of  the  GAS,  a  number 
of  things  oan  happen  to  them.  Quite  often  the  individual  will  be  fine  and  will  simply  need  to  take 
some  time  off  in  order  to  reoover  the  resources  they  need  to  battle  stress  and  be  baok  in  aotion 
almost  right  away.  Other  times  the  individual  will  experience  acute  distress  from  whioh  they  are 
able  to  almost  immediately  reoover,  and  still  others  seem  to  reoover  quite  quickly  but  can  never 
fully  shake  the  experience  that  oaused  them  so  muoh  stress  (Bonanno  2004).  Such  an  experience 
oan  lead  to  that  individual  developing  a  stress  disorder. 

Posttraumatic  Stress  Disorder 

One  stress  disorder  that  has  reoeived  an  inoredible  amount  of  attention  reoently  due  to  the 
spike  in  Soldiers  returning  from  the  Global  War  on  Terrorism  (GWOT)  being  diagnosed  with  it, 
is  posttraumatio  stress  disorder  (PTSD).  PTSD  is  a  stress  disorder  that  has  a  very  foggy  path  to 
diagnosis.  Certain  methods  for  determining  if  someone  has  PTSD  are  extremely  strict,  while 
others  are  a  bit  more  lenient  in  their  interpretation  of  some  symptoms  of  PTSD.  One  fairly 
eommonly  aceepted  set  of  diagnosis  eriteria  are  those  noted  by  Ironson,  Cruess,  &  Kumar 
(2007).  In  the  artiele,  the  authors  state  that  the  first  requirement  for  a  PTSD  diagnosis  is 
exposure  to  a  traumatie  event  that  involved  a  threat  of  death  or  serious  injury.  In  addition,  the 
person’s  response  involved  fear,  helplessness  or  horror.  Also,  the  person  being  diagnosed  must 
experienee  three  symptom  elusters  sueh  as  re-experieneing  the  traumatie  event,  avoidanee  and 
numbing,  and  inereased  arousal,  or  hyper  arousal .  Patients  from  the  re-experieneing  eluster 
noted  events  sueh  as  fiashbaeks,  reeurrent  distressing  dreams  of  the  trauma,  intense  distress  at 
exposure  to  things  reminding  them  of  the  trauma,  intrusive  and  reeurrent  thoughts  of  the  event. 
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and  physiologic  reactivity  to  reminders  of  the  event.  Patients  classified  as  demonstrating 
avoidanee  reported  “avoidanee  of  thoughts  of  the  event  and  avoidance  of  aetivities,  plaees  or 
people  that  remind  one  of  the  event;  an  inability  to  reeall  significant  aspects  from  the  event; 
withdrawal  from  activities;  feelings  of  detachment  from  others;  an  inability  to  have  loving 
feelings;  and  lowered  expeetations  about  having  a  future”  (Ironson,  Cruess,  &  Kumar  2007). 
Patients  in  the  final  eluster  displaying  inereased  arousal  experieneed  “sueh  symptoms  as 
diffieulty  concentrating,  hypervigilanee,  an  exaggerated  startle  response,  problems  sleeping  and 
inereased  irritability”  (Ironson,  Cruess,  &  Kumar  2007). 

In  order  for  a  client  to  be  diagnosed  with  PTSD,  it  is  not  enough  to  simply  experience  some  of 
the  symptoms  listed  in  the  previous  paragraph.  Instead,  the  client  must  have  experieneed 
symptoms  from  all  three  clusters  for  at  least  one  month.  Additionally,  these  symptoms  must 
“have  caused  significant  distress  or  impairment  in  ability  to  funetion  in  soeial  or  oeeupational 
roles”  (Ironson,  Cruess,  &  Kumar  2007).  If  all  of  these  conditions  are  met,  according  to  this 
rubric,  then  PTSD  is  a  proper  diagnosis.  Some  rubries  allow  for  a  diagnosis  of  PTSD  with  fewer 
or  less  eonsistent  symptoms  than  the  previous  rubric.  As  a  result,  individuals  who  are  on  the 
borderline  of  having  PTSD  or  not  having  PTSD  may  be  treated  with  the  same  methods. 

Coping 

Some  of  the  methods  that  have  been  used  to  resolve  one  or  more  of  these  symptoms  and 
prevent  PTSD  have  been  shown  to  work,  and  others  are  less  eonelusive.  Overall,  any  action 
taken  by  an  individual  in  an  attempt  to  try  and  lower  their  level  of  stress  is  known  as  eoping. 

More  speeifically,  Brett  (1996)  defines  eoping  as  “any  attempt  to  inerease  the  gap  between  actual 
stress  and  subjeetive  distress.”  As  sueh,  coping  is  an  incredibly  important  process  and  the 
manner  in  which  a  particular  individual  copes  with  external  stressors  plays  a  huge  role  in  the 
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amount  of  subjective  distress  an  individual  experiences.  Coping  generally  can  take  one  of  two 
forms,  adaptive  or  maladaptive  coping.  Maladaptive  coping  consists  of  taking  action  in  an  effort 
to  lower  one’s  subjective  personal  distress  levels  that  end  up  actually  harming  oneself  in  the  long 
run.  Some  examples  of  maladaptive  coping  include  attempting  to  use  alcohol  or  drugs  to  try  to 
forget  about  a  stressful  experience,  avoiding  speaking  or  thinking  about  a  stressful  experience,  or 
engaging  in  dangerous  activities  such  as  fast  driving  or  taking  reckless  risks.  These  types  of 
actions  are  often  the  result  of  isolated  stressors  where  an  individual  doesn’t  feel  as  though  they 
need  a  long  term  solution  and  are  simply  reacting  to  a  single  event  (Bonanno,  2005). 

Adaptive  coping  on  the  other  hand  is  coping  that  has  a  positive  impact  on  the  individual  and 
can  include  things  such  as  displaying  dispositional  optimism  and  working  through  some  of  the 
issues  causing  the  stress  with  social  networks  that  to  which  one  might  belong  (Westphal  & 
Bonanno,  2007).  Oftentimes  these  coping  mechanisms  both  help  an  individual  to  lower  their 
stress  level  as  well  as  protect  them  from  some  of  the  negative  outcomes  associated  with  having  a 
high  stress  level.  For  example,  “it  appears  that  social  support  can  protect  people  in  crisis  from  a 
wide  variety  of  pathological  states;  from  low  birth  weight  to  death,  from  arthritis  through 
tuberculosis  to  depression,  alcoholism  and  the  social  breakdown  syndrome”  (Cobb,  1995). 

Those  who  react  in  a  neutral  or  even  in  a  positive  manner  in  response  to  some  terribly 
stressful  situation  may  be  referred  to  as  “hardy”  or  “resilient”.  These  individuals  always  seem  to 
engage  in  adaptive  coping  and  rarely  delve  into  any  maladaptive  behaviors,  keeping  themselves 
fit  and  ready  to  move  forward.  It  has  become  a  very  contentious  point  of  debate  recently 
whether  these  individuals  are  resilient  because  of  their  choice  of  coping  skills,  or  if  their 
predisposition  to  be  resilient  allows  them  to  choose  adaptive  coping  methods.  It  might  seem 
reasonable  to  conclude  then,  that  the  majority  of  people  are  not  all  that  resilient,  and  that  those 
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who  can  manage  the  stress  better  than  everyone  else  are  among  the  few  resilient  individuals 
around.  However,  studies  show  that  “resilience  is  the  most  eommon  response  to  potential  trauma 
(Bonanno,  2005).”  In  fact,  every  onee  in  a  great  while  an  event  oeeurs  that  truly  showeases  the 
ineredible  capaeity  of  humans  to  endure  through  hardship  and  stress  and  be  resilient  against  the 
pressure  of  that  stress.  One  shining  example  of  that  oeeurred  on  September  11,  2001,  when  the 
World  Trade  Center  in  New  York  City  was  attaeked.  This  event  was  a  horrible  tragedy  that  put 
an  ineredible  number  of  people  under  unimaginable  amounts  of  stress,  and  aeeording  to  researeh 
eonducted  sinee,  the  level  of  resilienee  following  such  an  event  is  far  higher  than  it  had  been 
thought  (Bonanno  et  ah,  2006).  These  same  researehers  found  that  as  many  as  65%  of  those  at 
risk  for  PTSD  showed  resilienee  in  their  response  to  the  bombings. 

These  findings  bring  about  a  question  that  has  been  asked  over  and  over  again  sinee  this 
subjeet  began  to  be  explored,  “How  does  one  measure  resilienee?”  Many  different  methods  have 
been  used  in  the  past,  ineluding  the  one  used  by  Bonanno  in  his  studies  of  the  9/11  attaeks,  and  a 
new  seale  reeently  ereated  to  try  and  objectify  the  entire  proeess  a  little  more,  known  as  the 
Connor-Davidson  Resilienee  Seale  (Connor  &  Davidson,  2003).  Many  of  these  metries  are 
reliable  and  valid,  but  they  rely  on  a  Soldier  being  exposed  to  the  type  of  stress  that  puts  one  at 
risk  for  PTSD  to  provide  feedbaek  eoneerning  resilienee.  If  a  rubrie  existed  that  eould  use  some 
sort  of  a  biobehavioral  marker  that  eould  be  quantitatively  measured,  seientists  would  have  the 
eapability  to  test  people  for  resilienee  before  they  were  ever  exposed  to  erushing  levels  of  stress 
and  as  a  result,  target  training  towards  those  who  display  less  of  a  predisposition  towards 
resilienee.  One  method  that  may  have  potential  to  work  in  this  area  is  the  measurement  of 
salivary  alpha  amylase  before,  during,  and  after  a  stressful  event  to  determine  the  time  it  takes  a 
Soldier  to  reeover  from  the  eontrolled  stress.  Knowing  this  would  give  researehers  an  idea  of  the 
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Soldiers’  resilience  scores,  and  might  help  in  the  future  with  preventing  PTSD  and  other  stress 
disorders. 

Salivary  Alpha  Amylase 

Salivary  Alpha  Amylase  (sAA)  is  an  important  biobehavioral  metric  which  may  help  in 
determining  who  possesses  the  best  characteristics  to  be  resilient.  So  what  is  salivary  alpha 
amylase?  To  start,  an  amylase  is  enzyme  in  the  body  that  hydrolyzes  starch  (breaks  it  down)  into 
oligosaccharides  and  eventually  decomposes  into  two  types  of  sugar,  maltose  and  glucose 
(Chatterton,  Ellman,  Hudgens,  Lu,  &  Vogelsong,  1996).  These  sugars  are  then  used  by  the  body 
for  energy  production  and  consumption.  SAA  concentrations  contain  catecholamines.  The  two 
most  relevant  catecholamines  are  epinephrine  (EPI)  and  norepinephrine  (NE).  Epinephrine  is 
more  commonly  known  as  adrenaline.  EPI  and  NE  are  released  by  the  body  when  there  is 
sympathetic  nervous  system  (SNS)  activation.  The  “fight  or  flight”  response  is  an  innate, 
automatic  response  which  determines  whether  someone  will  face  adversity  or  flee  from  the 
unwanted  situation.  EPI  and  NE  are  released  into  the  bloodstream  and  saliva  during  a  situation 
such  as  this.  This  release  creates  a  measurable  amount  which  can  be  taken  from  sAA  samples. 
Research  shows  that  salivary  amylase  concentrations  are  predictive  of  plasma  catecholamine 
levels  and  can  be  used  as  a  measure  of  stress  (Chatterton  et  al.l996). 

The  military  has  used  sAA  levels  to  determine  the  physiological  stress  levels  of  Soldiers 
for  many  years.  In  1990  a  wildfire  ripped  through  Yellowstone  National  park  that  destroyed  2.2 
million  acres  of  land.  Over  four  thousand  active  duty  Soldiers  were  deployed  to  help  save  the 
national  park.  This  was  the  first  time  in  over  100  years  that  the  U.S.  Eorest  Service  requested 
active  duty  Soldiers  to  combat  the  fire.  ^  The  army  was  interested  in  comparing  the  stress 
experienced  by  the  fire  fighting  Soldiers  and  the  stress  that  Soldiers  on  the  battlefield 
*  Yellowstone  report  5 
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experienced.  Conducted  by  the  U.S.  Army  Research  Laboratory’s  Human  Research  and 
Engineering  Directorate  (ARL-HRED),  it  was  determined  that  the  stress  the  Soldiers  experienced 
while  fighting  the  fires  was  comparable  to  that  of  battlefield  stress  based  on  the  hazards,  dangers 
and  consequences  this  job  presented  (Eatkin,  King  &  Hudgens,  1990).  This  determination  was 
based  on  the  results  analyzed  from  stress  tests  that  the  participants  were  given. 

Another  instance  in  which  the  ARL-HRED  employed  sAA  as  a  physiological  marker  was 
to  determine  performance  and  retention  statistics  based  on  personal,  situational  and 
organizational  factors  during  a  Soldier’s  Advanced  Individual  Training  (AIT).  Patton,  Eatkin  & 
Breitenbach  (Eorthcoming)  used  sAA  concentrations  to  compare  the  Soldier’s  baseline  stress 
levels  and  the  results  of  the  tests  they  needed  to  take  in  order  to  pass  their  training  requirements. 
Soldiers  who  were  identified  as  having  high  stress  levels  during  the  training  and  testing  phases 
were  reported  to  have  higher  sAA  concentration  levels  than  those  Soldiers  who  exhibited  lower 
baseline  stress  levels  during  the  same  period  of  time.  These  results  confirm  that  lower  baseline 
stress  levels  correlate  well  with  low  sAA  concentrations. 

In  a  non-military  related  study,  Rohleder,  Nater,  Wolf,  Ehlert  &  Kirschbaum  (2004)  set 
forth  to  determine  an  easier  method  of  collecting  sympathodrenal  medullary  (SAM)  activity. 
Rohleder  et  al.  (2004)  determined  that  current  collection  methods  like  skin  conductance  and 
heart  rate  were  too  invasive  and  catecholamine  assessment  took  far  too  long  to  assess.  The 
research  sought  out  a  different  method  to  solve  the  problem  associated  with  the  SAM  activity 
collection  method.  They  hypothesized  that  sAA  could  be  used  to  measure  SAM  activity  because 
salivary  gland  innervations  occur  when  the  sympathetic  and  parasympathetic  branches  of  the 
autonomic  nervous  system  are  activated.  To  test  their  hypothesis  the  researchers  ran  two 
experiments,  one  measuring  the  effect  of  the  Trier  Social  Stress  Test  (TSST)  and  the  other 
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measuring  sAA  levels  during  the  eonseious  parts  of  the  eireadian  rhythm.  The  results  for  both 
experiments  revealed  that  sAA  levels  were  inereased  by  the  stressors  whieh  the  partieipants  were 
exposed  to.  More  speeifieally,  the  first  experiment  revealed  that  sAA  is  inereased  in  response  to 
stress.  The  seeond  experiment  dealing  with  eireadian  rhythms  revealed  that  sAA  levels  vary  in 
response  to  where  the  individual  is  within  their  eireadian  rhythm.  SAA  levels  drop  after 
awakening,  when  the  individual  is  most  relaxed  and  begin  to  drop  again  around  15  hours  later. 

Davis  and  Loekhart  (2003)  eondueted  a  study  to  investigate  if  stress  assoeiated  with  the 
fear  of  falling  leads  to  inereased  numbers  of  falls  amongst  older  individuals.  The  partieipants 
walked  over  a  number  of  surfaees,  ranging  from  dry  and  safe  to  slippery  and  unsafe.  Besides 
looking  at  gait  changes  and  differences  in  heel  strike  velocity  while  walking  on  potentially 
unsafe  terrain,  the  researchers  studied  sAA  levels  as  a  physiological  marker  to  identify  stress  in 
the  participants.  SAA  levels  were  recorded  prior  to  the  experiment  to  establish  a  baseline,  before 
a  slip,  during  a  slip  and  after  a  slip.  The  researchers  found  that  the  severity  (distance)  of  the  slip 
experienced  of  the  participants  was  directly  related  to  the  stress  level  measured  by  the  sAA 
samples.  Further  analysis  revealed  that  even  though  the  younger  participants’  slip  severity  was 
almost  double  than  the  older  participants’,  the  older  participants’  stress  levels  were  significantly 
higher  after  a  slip  and  while  standing,  looking  at  the  slippery  surface  post  fall.  These  findings 
suggest  that  increased  stress  levels  may  be  caused  by  other  factors  beside  slip  severity,  like  the 
potential  for  bodily  harm. 

The  overall  takeaway  from  these  three  studies  show  that  as  stress  levels  increase  so  does 
sAA.  Though  these  three  examples  just  scratch  the  surface  of  what  research  exist,  they  are 
important  because  they  show  the  link  between  levels  of  sAA  present  and  the  amount  of  stress 
that  an  individual  is  experiencing.  In  respect  to  the  CSF  program,  determining  and  employing 
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methods  to  help  Soldiers  to  manage  stress  more  effieiently,  using  sAA  measurements  will  allow 
researehers  to  determine  whieh  Soldiers  are  benefitting  from  the  program  and  whieh  Soldiers 
need  additional  help. 

Proposed  Study  Method 

Participants 

Soldiers  ranging  from  Junior  Enlisted  to  Field  Grade  Offieers  who  are  attending  Ranger 
Sehool  or  a  National  Training  Center  rotation  will  be  asked  to  partieipate  and  randomly  assigned 
to  a  CSF  training  group  or  a  control  group  that  does  not  receive  training. 

Apparatus 

This  section  describes  the  apparatus  needed  to  collect  the  sAA  and  methods  which 
provide  consistent  readings  and  results.  There  are  two  main  methods  currently  being  used  to 
measure  sAA.  One  method  is  a  lab-based  analysis  and  the  other  method  is  more  field  expedient. 

The  first  method  used  to  analyze  sAA  is  known  as  the  Bosch  method.  The  Bosch  method 
collects  sAA  samples  and  sends  them  back  to  the  lab.  There  are  many  pieces  of  equipment 
which  are  needed  to  run  the  Bosch  method  properly.  To  house  the  sample,  salivettes  are  used. 
The  most  commonly  used  salivettes  are  manufactured  by  the  Sarstedt  group.  A  salivette  is  a 
conical  tube  that  contains  a  swab  that  is  used  to  collect  a  sAA  sample.  The  participant  places  the 
swab  in  his  or  her  mouth  for  approximately  30  to  45  seconds  or  until  the  swab  is  saturated.  To 
retrieve  this  sAA  sample,  a  centrifuge  is  needed  to  separate  the  saliva  from  the  participant’s 
swab.  The  centrifuge  runs  for  10  minutes  in  order  to  obtain  clear  saliva.  A  liquid  handling 
system,  generally  a  Genesis  RSP4/100,  is  used  to  dilute  the  sAA  sample  with  distilled  water. 

The  sample  is  then  transferred  to  microplates  and  mixed  with  a  solution  called  standard.  The 


11 


solution’s  commercial  name  is  Calibrator  f.a.s  and  is  manufactured  by  Roche  Diagnostics.  SAA 
concentrations  in  levels  of  326  to  5.01  U/L  are  mixed  in  with  the  standard.  Another  Roche 
Diagnostics  product,  Alpha- Amylase  EPS  System,  a  substrate  reagent,  is  added  to  the  standard 
and  sAA  mixture.  This  potion  is  then  warmed  in  a  water  bath  to  37“C.  The  warmed  potion  is 
then  analyzed  by  an  ELISA  reader  at  405nm,  which  determines  the  sAA  concentrations.  The 
potion  repeats  the  warming  process  and  is  analyzed  again  by  the  ELISA  reader.  A  linear 
regression  is  calculated  for  each  microplate  using  the  original  and  final  concentrations  taken 
from  the  ELISA  reader. 

The  second  method  is  to  use  a  handheld  sAA  activity  monitor  developed  by  Yamaguchi 
et  al.,  in  2003  and  refined  in  2006.  The  handheld  sAA  activity  monitor  will  be  referred  to  as  the 
sAA  monitor  from  this  point  forward.  The  sAA  monitor  consists  of  a  handheld  monitor  and  test 
strips  which  are  similar  to  litmus  paper. 


Image  I.  Salivary  Amylase  Monitor  designed  by  Yamaguchi 

The  test  strips  consist  of  an  outer  sleeve,  a  sheet,  collecting  paper,  and  an  amylase  reagent  paper. 
These  test  strips  are  disposable,  one-time  use  only.  The  monitor  consists  of  a  saliva  transfer 
device,  and  an  optical  device  which  houses  an  LED  light  which  emits  at  430nm,  and  a 
photodetector.  Eigure  2  below  shows  the  internal  components  of  the  sAA  activity  monitor. 
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Figure  2.  Internal  Components  of  Handheld  sAA  Aetivity  Monitor 

The  monitor  has  an  LCD  sereen  that  displays  the  analyzed  information.  To  use  the  sAA  monitor, 
the  partieipant  plaees  a  test  strip  in  their  mouth  and  under  the  tongue  for  approximately  30 
seeonds.  After  this  time  period,  the  test  strip  needs  to  be  placed  on  the  automatic  saliva  transfer 
device  and/or  sleeve.  Upon  closing  the  lever,  saliva  is  transferred  from  the  test  strip  to  the 
reagent  paper.  Concurrently,  a  timer  begins  when  the  lever  is  closed  and  rings  after  the  saliva 
transfer  is  complete.  This  process  takes  approximately  10  seconds.  After  the  alarm  rings,  it  is 
necessary  to  pull  the  strip  from  the  sleeve.  The  optical  device  within  the  monitor  reads  the 
reflectance  of  the  test  strip  as  it  has  changed  colors  because  of  the  hydrolyzing  process  between 
the  reagent  paper  and  the  amylase  on  the  test  strip.  After  30s  and  a  signal  from  an  automatic 
time  within  the  monitor,  a  reading  of  sAA  is  available.  Complete  technical  information 
associated  with  the  sAA  monitor  can  be  found  in  reports  by  Yamaguchi  et  ah,  2004  and  2006. 

Another  hand  held  testing  device  is  the  Cocoro  Meter,  manufactured  by  the  Japanese 
corporation  Nipro.  The  Cocoro  Meter  performs  the  same  as  the  device  created  by  Yamaguchi  et 
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al.  but  is  available  on  the  public  market.  Both  the  Yamaguchi  device  and  the  Cocoro  Meter  are 


able  to  produce  readings  that  are  on  average  94%  percent  accurate  in  under  a  minute.  The  main 


difference  between  the  two  devices  is  the  user  interface.  The  Cocoro  Meter  presents  a  pictorial 


representation  of  the  stress  level  in  the  form  of  icons  which  range  from  eustress  to  distress.  Both 
meters  display  sAA  levels  which  allow  the  user  or  the  researcher  to  see  the  sAA  level. 


Figure  3.  Nipro  Corporation  Cocoro  Meter 


Because  the  CSF  encompasses  every  member  in  the  Army,  looking  into  the  feasibility  of 
the  testing  methods  is  necessary.  Turnaround  time  to  determine  sAA  levels  is  one  of  the  most 
important  aspects  for  determining  this  as  an  important  biophysical  marker  for  resilience.  The 
testing  method’s  simplicity  also  plays  a  large  factor  because  the  individuals  administering  the 
tests  will  not  always  be  scientists  who  have  expert  knowledge  on  the  subject.  A  third  factor  that 
is  also  important  is  how  accurate  the  sAA  readings  are.  An  incorrect  or  false  reading  may 
inaccurately  categorize  a  Soldier.  The  impact  of  an  incorrect  or  false  reading  may  inadvertently 
cause  the  Soldier  to  be  marked  as  not  fit  for  duty  when  he  or  she  really  is  or  it  may  miss 
pinpointing  a  Soldier  with  issues  that  need  to  be  addressed  to  ensure  they  will  be  effective  in  the 
fighting  force.  With  that  being  said,  employing  the  use  of  a  handheld  device  that  measures  sAA 
levels  will  be  the  optimal  solution  for  the  CSF’s  physiological  assessment. 
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SAA  monitors  will  provide  the  CSF  program  the  easiest  and  quiekest  method  of 
retrieving  a  Soldier’s  sAA  level.  The  process  of  obtaining  the  sAA  levels  is  straightforward  and 
fast  compared  to  the  Bosch  method.  SAA  levels  can  be  recorded  in  as  little  as  two  minutes  as 
compared  to  the  lengthy  process  which  the  Bosch  method  requires.  With  the  sAA  monitor,  there 
is  no  sending  the  saliva  samples  to  the  lab  to  get  them  tested  and  there  is  no  requirement  to  chill, 
heat  or  store  saliva  samples.  The  ability  to  quickly  measure  a  large  sample  set  will  prevent 
wasted  time  and  training  interruptions.  One  concern  with  the  sAA  monitors  is  the  accuracy  of 
the  results  that  they  report.  Whereas  the  Bosch  method  returns  results  with  almost  near  perfect 
accuracy,  the  sAA  monitors  average  a  94%  accuracy  rating.  While  not  necessarily  a  bad 
percentage,  it  does  leave  room  for  errors.  Fortunately  for  the  CSF  program,  physiological 
markers  are  only  one  third  of  the  program’s  assessment  criteria. 

Procedure 

In  order  to  more  accurately  determine  if  sAA  is  a  factor  in  stress  recovery,  there  must  be 
a  baseline  measure  of  the  individual’s  sAA  levels.  This  baseline  level  will  serve  as  the 
benchmark  when  comparing  sAA  levels  during  different  parts  of  the  research. 

This  biobehavioral  marker  should  be  tested  using  a  between  subjects  design.  The 
apparatus  used  to  measure  the  sAA  concentration  levels  will  be  the  Yamaguchi  sAA  handheld 
activity  monitor  or  a  similar  product.  One  group  will  receive  CSF  training  prior  to  an 
intentionally  stressful  training  event,  such  as  Ranger  School  or  a  National  Training  Center 
rotation.  The  other  group  will  not  receive  training  prior  to  a  stressful  situation.  The  test  will 
begin  by  taking  a  saliva  sample  and  measuring  the  sAA  levels  while  the  subject  is  in  a 
controlled,  relaxing  environment  before  the  training  event.  This  will  allow  the  researchers  to 
determine  the  baseline  sAA  levels  of  subject  at  their  most  relaxed  level.  Additional  sAA  level 
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measurements  will  be  taken  during  and  after  the  event.  It  will  be  important  to  attempt  to 
replieate  the  same  relaxed  setting  in  order  to  determine  the  sAA  levels  while  not  aetively 
involved  in  the  stressful  event.  The  inspiration  for  measuring  sAA  levels  at  different  times 
throughout  the  training  eame  from  the  previously  mentioned  Davis  and  Loekhart  (2003)  study. 
The  sAA  levels  eolleeted  prior,  during  and  after  the  stressful  event  will  be  eompared. 
Conclusion 

Ultimately,  the  aim  of  this  researeh  is  to  determine  if  there  is  a  link  between  an 
individual’s  ability  to  reeover  from  stressful  situations  and  levels  of  sAA  in  the  body. 
Historieally,  studies  that  have  shown  a  positive  eorrelation  between  stress  and  sAA  levels 
foeused  on  the  subjeet  during  or  immediately  after  a  stressful  situation  but  the  proposed  study 
will  also  inelude  a  baseline  measurement  of  sAA,  Ideally,  the  sAA  levels  of  the  Soldiers  that 
reeeived  the  CSF  will  be  lower  than  the  baseline  sAA  level  originally  measured.  This  method 
may  show  how  the  CSF  training  impaeted  the  Soldier’s  ability  to  both  deal  with  and  reeover 
from  a  stressful  environment.  If  this  is  the  ease,  it  would  mean  that  sAA  would  be  a  viable 
biobehavioral  marker  that  eould  be  used  to  measure  a  Soldier’s  ability  to  bounee  baek  from  a 
stressful  experienee,  sueh  as  a  deployment. 
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